Introduction
Neutrophils play an essential role in the innate immune response to infection. They are the first cells to be recruited and participate in the defense by engulfment of microorganisms and by the release of reactive oxygen species (ROS) and microbicidal granule molecules [1] . Neutrophils are abundant in numbers, and their potent cargo can cause tissue damage if not tightly controlled. This is balanced by the short life span of the neutrophils after which apoptosis ensues, and the cells are cleared by efferocytosis by macrophages [2] . The discovery of neutrophil extracellular traps (NETs) released by activated neutrophils has thrown light upon yet another defense mechanism of neutrophils [3] [4] [5] . NETs are formed dur-ing the unique cell death pathway (NETosis), which has been described as being dependent on ROS generated by NADPH oxidase [6, 7] but not on caspase activation [3] .
During human tuberculosis infection, Mycobacterium tuberculosis (Mtb) encounters cells of the innate immune system in the lower respiratory tract. Although macrophages play a vital role in controlling and eliminating the intracellular pathogen, large numbers of neutrophils are recruited to the lungs in the initial stages of an Mtb infection [8, 9] . Neutrophils are not able to kill virulent Mtb [10] ; however, neutrophil recruitment appears to be important for early granuloma formation and containment of the infection [11] . A crosstalk between neutrophils and other immune cells has been described [12] , where the release of granule proteins attracts other immune cells and also modulates the function of tissue-resident cells. Neutrophil apoptosis and elimination by macrophages is usually considered an anti-inflammatory response where inflammation is resolved [13] [14] [15] . During this process, macrophages can acquire antimicrobial peptides from ingested apoptotic neutrophils, which contribute to a more efficient killing of intracellular Mtb [16] . In another context, neutrophil-derived elastase from apoptotic neutrophils was able to activate macrophages via modulation of Toll-like receptor 4 (TLR4) and an increase in tumor necrosis factor (TNF)-α that led to increased killing of Leishmania major [17] . We have earlier shown that Mtb infection increases the rate of neutrophil apoptosis and that pathogen-induced apoptotic neutrophils trigger a proinflammatory response in macrophages [18] [19] [20] , which was mediated by the release of heat shock protein 72 (Hsp72) [20, 21] .
NET formation has been demonstrated in neutrophils in response to different microbes, signaling through TLRs, Fc receptors, chemokine and cytokine receptors [4] , as well as in response to stimulating agents such as phorbol myristate acetate (PMA) [5, 7, 22, 23] . NETs have been reported to have bactericidal effects. NET induction has been observed in response to Mtb; however, the NETs were unable to kill mycobacteria [24] . NETs have been shown to cause tissue damage, and the bactericidal and tissue-damaging effects can be assigned to the granular proteins and histones associated with the NETs [23, 25, 26] . It was also recently shown that NETs can activate the NLRP3 inflammasome in lupus macrophages [27] .
Since NETs are formed in different inflammatory settings, their formation could play an important role in the initial stages of an Mtb infection in vivo by trapping the mycobacterium, preventing spreading to other organs, thus allowing for macrophages to engulf and kill the bacteria. NETs sequester the toxic contents from dying neutrophils which prevents damage to surrounding tissue [5] , and macrophages may acquire these antimicrobials by phagocytosis of NETs. Therefore, NETs may play a vital role in the partnership between neutrophils and macrophages during granuloma formation in tuberculosis. In the present study, we show that Mtb-induced NETs bind Hsp72 and trigger a proinflammatory activation of macrophages mediated by Hsp72.
Materials and Methods
Antibodies and Reagents TACS TM Annexin V-FITC was obtained from R&D Systems (McKinley Place, Minn., USA). Penicillin-streptomycin (PEST), DMEM cell culture media, RPMI-1640 without phenol red, L -glutamine and HEPES were obtained from Gibco (Grand Island, N.Y., USA). BD TM -Cytometric Bead Array (CBA) Human Inflammation Kit was obtained from BD Biosciences Pharmingen (San Diego, Calif., USA). Cell isolation components Polymorphprep TM and Lymphoprep TM were purchased from Axis-Shield (Oslo, Norway). Heparin was obtained from LEO Pharma (Malmö, Sweden). Cytochalasin D (CytD), neutrophil elastase inhibitor (NEi; MeOSuc-AAPV-cmk) and Anti-Neutrophil Elastase rabbit primary antibody were all from Calbiochem (Nottingham, UK). Anti-Hsp70/Hsp72 primary antibody (Stressgen SPA-812-D) and human recombinant Hsp70/Hsp72 (recHsp72; Stressgen NSP-555-D) came from Enzo Life Sciences (Farmingdale, N.Y., USA). Primary antibodies were detected using Alexa Flour 594 secondary IgG antibody from Molecular Probes (Eugene, Oreg., USA). Diphenylene iodonium (DPI), PMA and dimethyl sulfoxide were purchased from Sigma Aldrich (Saint Louis, Mo., USA). 5-Chloromethyl-fluorescein diacetate (CFMDA, CellTracker Green) and Sytox ® Green were obtained from Invitrogen (Eugene, Oreg., USA). Fluorescent mounting medium was purchased from Dako (Carpinteria, Calif., USA). Heparinized peripheral blood, buffy coats and normal human serum (NHS) were delivered from the blood bank at Linköping University Hospital (Linköping, Sweden). Krebs Ringer Glucose (KRG) with or without 1 m M CaCl 2 , and PBS, pH 7.3, were prepared in house.
Monocyte Isolation
Human peripheral monocytes were isolated from buffy coats from healthy blood donors. The buffy coats were diluted 1: 1 with 0.9% NaCl and separated over a dextran gradient, Lymphoprep, followed by multiple washes in PBS containing heparin, followed by multiple washes in KRG without Ca 2+ . The monocytes were subsequently resuspended in DMEM containing 1% PEST and 10 m M HEPES and transferred to sterile 75-cm 2 cell culture flasks at approximately 10 7 cells/ml. The cells were allowed to adhere for 1 h at 37 ° C, after which nonadherent cells were removed by multiple washes with KRG. The remaining monocytes were cultured in DMEM containing 10% NHS pooled from five donors, for 6-8 days, in order to differentiate to macrophages. More than 98% of macrophages were routinely positive for CD64 at day 7 of culture. The culture medium was changed every 3-4 days. Macrophages were harvested by cell scraping in cold PBS, before counting and resuspension in DMEM containing 2% NHS for use in experiments.
593
CFMDA staining of macrophages for microscopy was achieved by adding 1.5 μ M CFMDA in DMEM for 30 min. The medium was then changed to fresh DMEM, and cells were further incubated for 30 min before cell scraping and counting.
Neutrophil Isolation
Human neutrophils were isolated from heparinized whole blood over a Lymphoprep and Polymorphprep gradient. Red blood cells were lysed by hypotonic shock and neutrophils were washed multiple times in KRG.
Bacteria
Mtb H37Rv (γ-irradiated whole cells, NR 14819, LOT 59585333) was provided by BEI Resources (Manassas, Va., USA). Mtb H37Rv lspA-/-strain was a gift from Dr. Joel Ernst, New York University School of Medicine. The mutant lspA-/-was cultured statically in Middlebrook 7H9 supplemented with ADC, 0.05% Tween-80 and 0.5% glycerol for 14 days and subsequently heat inactivated at 80 ° C for 60 min. Single-cell suspensions of bacteria were prepared using a Dounce homogenizer, sedimentation and multiple passages through a 27-gauge syringe and stored at -70 ° C. Before use, aliquots were passed multiple times through a 27-gauge syringe.
NET Formation and Quantitation
For microscopy studies of NET formation, 5 × 10 5 neutrophils were seeded in wells on 13-mm glass coverslips, stained with 2 μ M cell-permeant DNA-binding dye Sytox Green, stimulated with 25 n M PMA, Mtb [multiplicity of infection (MOI 10)] or left untreated. After 4 h, fluorescence images were taken of the unfixed neutrophils. Images were analyzed using ImageJ software. The ratio of live versus dead cells (Sytox+) was attained by manual counting, comparing fluorescent and phase-contrast images. The DNA area stained by Sytox Green was measured for at least 100 cells per cover slip, and the experiment was repeated three times in triplicates with different donors. Using Microsoft Excel, the distribution of neutrophils across the range of the nuclear area was obtained using the frequency function. The mean frequency distribution for the different stimuli was plotted in a graph using GraphPad Prism. For quantitation experiments, 10 5 Sytox Green-stained neutrophils were seeded in black 96-well plates with RPMI-1640 (phenol red free) supplemented with 10 m M HEPES, 1% PEST and 2% human serum albumin. Neutrophils were allowed to adhere for 30 min before addition of NEi (50 μ M ) or DPI (10 μ M ). Neutrophils were incubated with inhibitors for 30 min before stimulation with 25 n M PMA, Mtb (MOI 10), left untreated or lysed with 0.2% Triton X-100 as a 100% lysis control. Fluorescence was measured at 0, 3, 6, 9 and 18 h using a plate reader, Hidex Chameleon Multilable Detection Platform (SisLab) with a filter setting of 485/535 nm (excitation/emission).
Immunostaining and Microscopy
For fluorescence microscopy, 5 × 10 5 neutrophils were seeded on 13-mm glass coverslips in DMEM containing 1% PEST and 10m M HEPES. In experiments where inhibitors were used, neutrophils were preincubated with 10 μ M CytD, 10 μ M DPI or 50 μ M NEi for 30 min prior to stimulation. Cells were stimulated with 25 n M PMA, Mtb (MOI 10) or left untreated for 1 h, after which they were washed thrice with KRG. For detecting Hsp72, cells were incubated for 5 h and then fixed with 4% PFA for 30 min. For the study of neutrophil elastase, neutrophils were stimulated as described, followed by incubation for 9 h, addition of CFMDA-stained macrophages (at a ratio of 2 neutrophils per macrophage), coincubation for 1 h and fixation. Cells were then blocked with 2% BSA and 10% goat serum in PBS, incubated with primary antibodies, washed, incubated with secondary antibody and incubated with DAPI before mounting with fluorescent mounting medium. Specimens were analyzed using a Zeiss LSM 700 confocal system coupled to a Zeiss Axio Observer Z1 fluorescence microscope and Zeiss Zen software, or a Nikon Eclipse E800 microscope coupled to a Nikon DS Ri1 camera and Nikon NIS-Elements software.
Macrophage Activation and Cytokine Analysis
Neutrophils were treated with 50 μ M NEi, 10 μ M DPI or left untreated for 30 min before stimulation with 25 n M PMA or Mtb (MOI 10) for 1 h. Neutrophils were washed and resuspended in DMEM containing 2% NHS and incubated along with inhibitors for 3 h allowing for NET formation to start. Medium containing inhibitors was removed and macrophages were added to the neutrophils at a ratio of 1: 2. Unstimulated macrophages and macrophages stimulated with Mtb (MOI 5) were used as negative and positive controls, respectively.
To evaluate the role of Hsp72 in our system, 1 μg recHsp72 was added to neutrophils after PMA-induced NET formation had occurred for 3 h. Macrophages were subsequently added to the wells at a ratio of 1: 2.
Coincubation of macrophages and PMN was allowed for 18 h upon which culture media was collected, centrifuged (10,000 g, 5 min) and stored in aliquots at -70 ° C. Samples were analyzed for cytokine content using CBA. TNF-α, interleukin (IL)-1β, IL-10 and IL-6 were analyzed according to the manufacturer's instructions using the respective CBA Flex Set.
Statistical Analysis
Data presented are expressed as mean values ± SEM. Statistical significance and differences between groups were calculated using paired Student's t test (significant at * p < 0.05 and * * p < 0.01) with the Graphpad Prism 5 software.
Results

Mtb-Activated Neutrophils Acquired More Clustered NETs than PMA-Activated Cells
It has previously been reported that Mtb can induce NET formation in neutrophils [24] . We confirmed these results with our experiments and compared the morphology of these Mtb-induced NETs with the commonly studied PMA-induced NETs. Mtb-activated neutrophils acquired more clustered NETs than PMA-activated cells ( fig. 1 a) . By staining with the cell-impermeable DNAstaining Sytox Green, we could identify dead neutrophils and quantify the morphology of the NETs produced. By plotting the DNA area against the number of NET-forming cells, a frequency graph was created depicting the distribution of cells ( fig. 1 b) . We could observe that Mtb activation led to more neutrophils with a larger DNA area compared to PMA-activated and unstimulated cells. The cells with a DNA area >400 μm 2 were classified as NETotic cells [28] . Forty-seven percent of the Mtb-activated neutrophils positively stained with Sytox Green had formed NETs compared to 34% of the PMA-activated and 20% of the unstimulated cells ( fig. 1 c) .
Kinetics of NET Formation in Neutrophils
To follow the kinetics of NET formation, neutrophils were preincubated with the NADPH oxidase inhibitor DPI or NEi before activation with Mtb or PMA. NET formation occurred more rapidly in PMA-and Mtb-activated neutrophils compared to the unstimulated cells ( fig. 2 a) . After 9 h, a significant difference was observed for both PMA-and Mtb-treated cells. After 18 h, 77% of PMA-and 31% of Mtb-activated neutrophils were stained positive for Sytox Green compared to 5% of the unstimulated control. When adding DPI, NET formation was abrogated in Mtb-and PMA-stimulated cells ( fig. 2 b-d) , indicating that NET formation is NADPH oxidase dependent. The elastase inhibitor had a significant effect on lowering NET formation in Mtb-activated neutrophils ( fig. 2 c) , but no such effect on PMA-activated neutrophils ( fig. 2 d) . 
Phagocytosis-Dependent NET Formation in Mtb-Activated Neutrophils
We then investigated if NET formation in Mtb-activated neutrophils was dependent on phagocytosis of bacteria. Neutrophils were incubated with 10 μ M of CytD, an inhibitor of actin polymerization and phagocytosis, before Mtb was added. In the Mtb-stimulated wells without CytD, NETs were formed ( fig. 3 a) , whereas CytD-treated cells closely resembled the unstimulated control ( fig. 3 b,  c) . This demonstrates that Mtb-induced NET formation is phagocytosis dependent.
Apoptosis Is Not a Prerequisite for NET Formation
Persson et al. [21] also showed that an Mtb lspA-/-mutant lacking the 19-kDa lipoprotein did not induce apoptosis in neutrophils. Using this Mtb mutant, we investigated whether apoptosis was a prerequisite for Mtbinduced NET formation. We activated the neutrophils with wild-type and lspA-/-Mtb. The lspA-/-Mtb induced NETs to the same extent as the wild-type Mtb ( fig. 3 d) , suggesting that Mtb-induced apoptosis is not required for NET formation. Macrophages interact with NETs. Neutrophils were activated with Mtb (MOI 10) and incubated for 6 h. Macrophages (green) prestained with CFMDA were added to the wells, and coincubation was allowed for 1 h before cells were fixed. DNA was visualized with DAPI (blue), and neutrophil elastase was detected by antibody staining (red). a , b Arrows point to events of macrophage binding to elastase in NETs. c Arrow points to phagocytosed neutrophil elastase in macrophages.
Macrophages Bind and Phagocytose NETs
It is well established that macrophages recognize and ingest apoptotic neutrophils. To evaluate if macrophages interacted with NET-forming cells, neutrophils were activated with Mtb and allowed to form NETs during a 9-hour incubation. Macrophages prestained with CFMDA were then added. After 1 h of coincubation, cells were fixed, and subsequently, stained with DAPI and immunostained for elastase to identify NETs. Confocal microscopy was used to capture images of the macrophage interaction with NETs ( fig. 4 ) . The elastase-containing NETs could be seen in close proximity of macrophages, which bound ( fig. 4 a, b ) and phagocytosed NETs, as can be seen as red spots in the macrophage cytoplasm ( fig. 4 c) .
Macrophages Release Increased Amounts of Proinflammatory Cytokines in Response to Mtb-Induced NETs
Pathogen-induced apoptosis in neutrophils induce a proinflammatory response in macrophages [19] . To evaluate if this response is mediated via NETs, we measured the release of IL-6, TNF-α, IL-1β and IL-10 from macrophages coincubated with NETotic neutrophils. We observed an increased cytokine release in macrophages incubated with Mtb-NETotic neutrophils but not in PMA-NETotic neutrophils ( fig. 5 a) . DPI treatment of neutrophils during Mtb activation resulted in reduced NET formation ( fig. 2 ) , and their ability to stimulate macrophages was greatly reduced ( fig. 5 b) . IL-6 and IL-10 were both significantly reduced (p < 0.01 and p < 0.05, respectively). IL-1β was also reduced, but to a lesser extent. However, the neutrophil ability to stimulate TNF-α in macrophages was not affected by DPI inhibition of NETs. The NEi did not show any effect on modulating the macrophage response to NETotic neutrophils, neither when using PMA-activated (data not shown) nor Mtbactivated ( fig. 5 b) neutrophils. There was no detectable cytokine release from neutrophils under the same stimulation and inhibition conditions (data not shown).
Mtb-Activated Neutrophils Release Hsp72 That Bind to NETs
It was previously reported by Persson et al. [20] that Hsp72 released from neutrophils during phagocytosis of Mtb mediate a proinflammatory activation of macrophages. Therefore, we investigated whether Hsp72 was released during NET formation. We could confirm the observation that phagocytosis of Mtb induced Hsp72 release and that Hsp72 was associated with NETs ( fig. 6 a) . The unstimulated control neutrophils did not release any Hsp72 ( fig. 6 d) . Cells preincubated with DPI before Mtb activation did not produce NETs and did not release significant amounts of Hsp72 ( fig. 6 b) . Although PMA induces NET formation, no Hsp72 was associated with the NETs ( fig. 6 c) . The results suggest that Hsp72 is released concomitantly with NETs in response to Mtb stimulation. The NETs bind and concentrate Hsp72, thereby effectively presenting these danger molecules to macrophages and triggering local cytokine production.
Hsp72 Triggers Cytokine Release in Macrophages
We used human recHsp72 to confirm the effect of Hsp72 on macrophage cytokine release. recHsp72 alone had a significant effect on triggering the release of IL-10, IL-6 and TNF-α in macrophages ( fig. 7 ) . TNF-α release increased further when recHsp72 was added in the presence of PMA-NETs. Macrophages stimulated with only recHsp72 did not release IL-1β. However, the combination of PMA-NETs and recHsp72 triggered IL-1β release, supporting the hypothesis that NETs require Hsp72 for its stimulatory capacity.
Discussion
Mtb-induced NET formation has been previously described by Ramos-Kichik et al. [24] . Considering our previous observations that Mtb-induced apoptotic neutrophils can induce a proinflammatory activation of macrophages [18] [19] [20] [21] , we asked whether NETs could mediate this activating signal to macrophages. Macrophages and neutrophils coexist at the inflammation site and work in concert to remove pathogens [29] . They are both important cells in the defense against tuberculosis; however, very little has been published on the interaction between NET-forming cells and macrophages. It has been shown that apoptotic neutrophils can supply macrophages with antimicrobial molecules [30] and that this transfer of molecules aids in the killing of intracellular pathogens such as Mtb [16] . Neutrophils also transfer ingested intracellular pathogens to macrophages during efferocytosis [30] .
PMA-induced NETs are commonly used to model NETosis in neutrophils [3, 6, 28, [31] [32] [33] [34] . Analyzing NET formation, we could conclude that Mtb activation led to more clustered NETs than PMA activation. This can be due to the fact that a soluble stimulus will give a rapid and more homogenous activation, while bacteria are engulfed and come in contact with a limited number of cells [21] . The content of granular proteins in the NETs could also differ between the stimuli. The structure and concentra- tion of Mtb-induced NETs would benefit the sequestration of bacteria and limit their spread to surrounding tissues [3, 6] . However, NETs show no mycobicidal activity [24] . When inhibiting neutrophil phagocytosis of Mtb, we observed an inhibition of NETosis, showing that Mtbinduced NETs are phagocytosis dependent. It has been shown that the actin cytoskeleton participates in chromatin release, rupture of the cell membrane and deployment of NETs and that lipopolysaccharide-induced NETs could be inhibited by CytD [35] , suggesting that inhibition of actin polymerization could also have a more direct effect on NET formation. However, since PMA-induced NETs were not CytD sensitive, this effect of Mtb is likely to be phagocytosis dependent.
It has previously been shown that the TLR ligand 19-kDa mycobacterial lipoprotein enhances the oxidative burst and activation status of neutrophils stimulated with fMLP [36] and that the mutant strain lacking this cell wall component was not effective in promoting Mtb-induced apoptosis [21] . The fact that the lspA-/-Mtb mutant lacking surface lipoproteins induced NETs to the same extent as the wild-type Mtb suggests that Mtb-induced NET formation can occur independently of TLR signaling and apoptosis.
NETs contain elastase that can degrade bacterial virulence factors [3] . The role of elastase in neutrophil apoptosis has been considered, and a recent study demonstrated that the secretory leukocyte protease inhibitor SLP1 could inhibit neutrophil apoptosis [37] . Upon PMA activation and ROS production, neutrophil-derived elastase translocates to the nucleus and aids in chromatin decondensation leading to NETosis [28] . Using the cell-permeable NEi (MeOSuc-AAPV-cmk) we could observe an inhibition of Mtb-induced NETosis but no significant inhibition of PMA-induced NETosis, showing that NETs are also formed in the absence of apoptosis.
Elastase from apoptotic neutrophils can activate macrophages and augment their killing capacity of the intracellular pathogen L. major [17] . We could observe macrophages binding to NETs and also ingesting elastase from neutrophils. This suggests that elastase could be involved in signaling between NETotic cells and macrophages and that phagocytosis of elastase from NETs may be a mode in which macrophages acquire potent proteases.
Given that elastase has proinflammatory qualities [38] and NETs are richly decorated with elastase [3] , we examined whether inhibiting elastase activity would have an effect on macrophage activation by NETotic cells. We ob- Release of IL-6, TNF-α, IL-1β and IL-10 from macrophages stimulated with human recHsp72 (1 μg/ml). Neutrophils were activated with PMA (25 n M ) for 3 h to form NETs, whereafter recHsp72 and macrophages were added to the wells, and cells were coincubated for 18 h. Mean values and error bars representing SEM from duplicates from 3 separate experiments are shown. * p < 0.05; * * p < 0.01.
phages resulting in the release of IL-1β. IL-1β release requires a priming signal to activate the nuclear factor-κB pathway resulting in synthesis of pro-IL-1β [44] . A second signal for the inflammasome would activate caspase 1 to cleave pro-IL-1β into its active form. The combination of Hsp72 and NETs may provide both these signals.
When NET formation was inhibited with the NADPH oxidase inhibitor DPI, the Mtb-activated neutrophils lost their stimulatory properties, leading to a significant decrease in IL-6, IL-1β and IL-10, but not TNF-α, released from macrophages. Mtb-activated neutrophils released only small amounts of Hsp72 when treated with DPI [20] . With no NETs present, the Hsp72 is not concentrated but diluted in the extracellular space reducing its signaling activity. It can also be argued that extracellular Mtb are captured in the NET preparations and that these bacteria would have a proinflammatory effect on macrophages. The combination of more extracellular mycobacteria in the NETs, and the accumulation of Hsp72 in the NETs, could work in concert in augmenting the proinflammatory activation of macrophages. The fact that TNF-α release did not decrease when Mtb-induced NETs were blocked with DPI is unclear. DPI does not inhibit spontaneous apoptosis or intracellular Hsp72 in neutrophils [20] . With a subpopulation of spontaneously apoptotic neutrophils present, these may affect the outcome of TNF-α release.
Corleis et al. [10] recently showed that Mtb-induced necrosis in PMN lead to the release of DNA, suggesting NET formation. The necrotic cell death was ROS dependent and triggered by virulence factors encoded by the RD1 genomic region. RD1 depletion rendered the bacteria sensitive to ROS-mediated killing, which implies that necrosis induction is a survival strategy for virulent Mtb. However, the escape of bacteria from necrotic and NETforming neutrophils could in turn activate macrophages, resulting in a proinflammatory milieu leading to the eradication of the mycobacterium instead of latent intracellular survival inside macrophages.
NETs are important for the antimicrobial defense against certain pathogens but have also been implicated in autoimmune antigen presentation and the inflammation process in various diseases [45] . How NETs and their components are formed may vary greatly in different disease settings. The main task of the neutrophils is to eliminate microbes. Although mycobacteria are resistant to killing by neutrophils, NETs are able to trap them. In the process of neutrophil activation by Mtb, Hsp72 is released and NETs are formed. We show that these NETs can trigger a proinflammatory cytokine response in adjacent served no effect when inhibiting elastase either in samples of PMA-or Mtb-activated NETs, although elastase inhibition did affect the Mtb-induced NET formation per se.
The stress-induced Hsp72 is a protein with potent chaperone-and cytokine-like activity [39] , and exosomereleased Hsp72 from Mtb-induced apoptotic neutrophils act as a proinflammatory signal on macrophages [20] . Hsp70 stimulates monocytes via TLR2 and TLR4, which activate the nuclear factor-κB pathway resulting in the release of TNF-α, IL-1β, IL-6, IL-12 and nitric oxide [40, 41] . TLRs have also been found to induce phagosome maturation leading to the degradation of phagocytosed bacteria [42] . When inducing NET formation with Mtb, we observed an increased release of Hsp72 that did not occur in PMA-activated NETs. Hsp72 was concentrated to the NET strands, suggesting that Mtb-induced NETs can acquire specific proinflammatory properties from sequestered Hsp72. NETs could be inhibited with the NADPH oxidase inhibitor DPI, which blocks the release but not the intracellular expression of Hsp72 [20] .
We could observe that the difference in NET content of Hsp72 between Mtb-and PMA-activated NETs also affects the activation of macrophages with the release of several proinflammatory cytokines and IL-10. IL-10 is an important regulatory element that could dampen inflammation through the inhibition of TNF-α and interferon-γ production, and thus, is suppressing the accompanying Th1 response [43] . That IL-10 is released together with proinflammatory cytokines in response to Mtb-induced NETs shows that during macrophage activation, there is a balanced immune response, where either pro-or antiinflammatory cytokines may dominate. The PMA-activated neutrophils did not induce the same proinflammatory response in macrophages as Mtb-activated neutrophils, despite the fact that necrotic bodies are proinflammatory and that the PMA-activated cells were necrotic to the same extent as Mtb-activated cells. This suggests that the composition of NETs is important and that Mtb-induced NETs can transfer signals to macrophages, partly through Hsp72.
In the presence of NETs, recHsp72 greatly increased the release of IL-6, TNF-α, IL-1β and IL-10 in macrophages. Hsp72 alone also increased the release of IL-6, IL-10 and TNF-α, but the effect on TNF-α release was further increased when NETs were present. The direct effect of Hsp72 could be due to the fact that Hsp72 binds directly to the surface of the wells. However the release of IL-1β required NETs to be present. Kahlenberg et al. [27] recently showed that NETs are able to activate the NLRP3 inflammasome in lipopolysaccharide-primed macro-macrophages. An effective innate immune response is crucial for fighting tuberculosis and shaping the subsequent adaptive immune response. Understanding the scenario of when innate immune cells encounter the mycobacterium is important when looking for new effective prevention and treatment options for tuberculosis.
